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SUMMARY

Advanced Short Takeoff/Vertical Landing (STOVL) aircraft capable of oper-
ating from remote sites, damaged runways, and small air capable ships are being
pursued for deployment around the turn of the century. To achieve this goal,
it is important that the technologies critical to this unique class of aircraft
be developed. Recognizing this need, NASA Lewis Research Center, McDonnell
Douglas Aircraft, and DARPA defined a cooperative program for testing in the
NASA Lewis 9- by 15-Foot Low Speed Wind Tunnel (LSWT) to establish a database
for hot gas ingestion, one of the technologies critical to STOVL.

This paper will present results from a test program along with a discus-
sion of the facility modifications allowing this type of testing at model
scale. These modifications to the tunnel include a novel ground plane, an
elaborate model support which included 4° of freedom, heated high pressure air
for nozzle flow, a suction system exhaust for inlet flow, and tunnel sidewall
modifications. Several flow visualization techniques were employed including
water mist in the nozzle flows and tufts on the ground plane. Headwind (free-
stream) velocity was varied from 8 to 23 kn.

INTRODUCTION

Supersonic Advanced Short Takeoff/Vertical Landing aircraft capable of
operating from remote sites, damaged runways, and ships (fig. 1) are being pur-
sued for deployment around the turn of the century. To achieve this goal, it
fs important that the technologies critical to this unique class of aircraft be
developed. Several of the Advanced Short Takeoff/Vertical Landing concepts
have the problem of hot gas ingestion (during vertical flight operation while
in ground effect) as a key development issue.

In general, Short Takeoff/Vertical Landing aircraft operation near the
ground can be subject to significant thrust Tosses due to the ingestion of hot
exhaust gases and induced jet/airframe iterations (refs. 1 and 2). These
interactions occur between the 1ift jets, entrained flow over the aircraft sur-
faces and along the ground, and ambient winds (fig. 2). In the development of
efficient Short Takeoff/Vertical Landing aircraft, it is essential to minimize



losses caused by ground effects to prevent compromising the performance and
overall mission of the aircraft. Therefore, those factors which substantially
affect hot gas ingestion and induced 1ift must be identified and a comprehen-
sive database must be established to gquide the design of advanced short
takeoff/vertical tanding aircraft. Performing this type of research at full
scale, where it has classically been done, is difficult and expensive. A wind
tunnel capability is therefore both desired and required. Hot gas testing at
model scale has been attempted previously in a wind tunnel (ref. 1) but some-
times with less than satisfactory results. Tunnel wall interference, pre-
mature model and tunnel heating, and temperature scaling problems all have
influenced the results. Knowing these past shortcomings NASA Lewis Research
Center, McDonnell Douglas Aircraft, and DARPA defined a cooperative program
for testing in the NASA Lewis 9- by 15-Foot Low Speed Wind Tunnel (LSWT) to
develop a new model testing technique and establish a required database for
hot gas ingestion for advanced STOVL. This paper will present results from
this test program along with a discussion of the facility modifications allow-
ing a successful completion of this type testing at model scale. These modifi-
cations to the tunnel include a novel ground plane, an elaborate model support
which included 4° of freedom, heated high pressure air for nozzie flow, a suc-
tion system for inlet flow, and tunnel sidewall modifications. Several flow
visualization techniques were employed including water mist in the nozzle
flows and tufts on the ground plane.

FACILITY

The tests were conducted in the NASA Lewis 9- by 15-Foot LSWT which is
located in the return leg of the 8- by 6-Foot Supersonic Wind Tunnel (fig. 3).
Some tests were conducted at headwind velocities from 30 to 90 kn. These
velocities were obtained using the compressor and by sliding doors 1 and 2 from
full open to full closed. The majority of the tests were conducted from 8 to
23 kn. These lower velocities were obtained using the blowers located in the
dryer building and by changing the opening of doors 4 and 5. During the fore-
going operation, doors 1 and 2 remain closed.

MODEL AND CONFIGURATIONS

The model shown in figure 4 is a 9.2 percent scale model of the MCAIR
279-3C concept. The model is basically made up of three main sections; the
forward, center, and aft fuselage.

Forward Fuselage

The forward fuselage section consists of the nose cone, the inlets (both
main and auxiliary), nose gear, canards, canopy, and compressor face rake
assembly. Details of the compressor rake are shown in figure 4(b). The com-
pressor face rake instrumentation locations are shown in table I.



Center Fuselage

The center fuselage section consists of both forward and aft nozzles and
the related plenums, the inlet suction duct, the main landing gear, and the
1ift improvement devices (LIDs) (when so installed) (fig. 5).

The LIDs consist of a forward fence, sidewalls, and longitudinal strakes
located around the nozzles perimeter (fig. 5).

Aft Fuselage

The aft fuselage consists of a cover and lower body.

Configuration

Figure 6(a) shows the front view of the forward nozzles. In this plane,
the nozzles can be rotated inboard to form a negative splay angle (from the
straight down position, 0° splay). The aft nozzles were always at 0° splay.
From the side view (fig. 6(b)), the nozzles (forward and aft) can be rotated
from 0° (full aft) to 100° (nozzles are pointed slightly forward). The angle
created in the side view is referred to as vector angle.

MODEL-SUPPORT SYSTEMS - INSTRUMENTATION

A view of the model in the test section is shown in figure 7. Also shown
are the model support system, which includes the high pressure hot (500° F) air
lines; a suction line to provide inlet airflow, and the ground plane with the
sliding trap door open. The model height was varied by changing the number of
spacers between the upper and lower flanges and adjusting the jack screws.

The high pressure air lines provided the air flow for the model nozzles.
The suction duct also provided support for the hot air and instrumentation
lines. Pitch, roll, and yaw were adjusted by changing the position of the ball
joint, located below the Tower flange.

Ground Plane

As seen in the photograph of figure 7 and shown in the schematic of fig-
ure 8, an elevated ground plane was installed in the test section which incor-
porated a unique trap door feature. The ground plane was installed 18 in.
above the test section floor. This kept the hot airflow off the tunnel floor
and allowed instrumentation for pressure and temperature measurement on the
ground plane.

Tufts were placed on the ground plane (fig. 7), for flow visualization.
Ground plane instrumentation locations are given in table II.



Trap Door Scavenging System

A trap door scavenging system was installed to prevent the model surfaces
and ground plane from artificially heating while the nozzles temperature and
pressure conditions were being set between data points. The unique trap door
system consists of three main components: sliding trap door (fig. 8), ducting,
and ejectors (fig. 9). Model nozzle flow was sucked through the trap door
opening, down the duct under the ground plane; and exhausted downstream of the
test section by the ejectors (fig. 9). MWhen a data point was taken, the trap
door was closed and the ejectors were automatically shut off. After taking the
data point, the trap door was opened and the ejectors were automatically turned
on. The trap door was pneumatically actuated, and it closed in approximately
0.5 sec.

Sidewall Bleed System

A sidewall bleed system prevented the hot air flow of the nozzles from
recirculating in the test section. Two rows of acoustic panels were removed
from each sidewall at the ground plane height along the length of the test sec-
tion (fig. 10). This allowed the ground airflow moving to the sidewalls to
flow out of the test section into the surrounding cavity as shown in figure 10.

Water Injection System

A water injection system was used to conduct flow visualization testing.
Water was injected into unheated nozzle flow where it was atomized. Porous
plates located in the nozzle air supply lines helped to atomize the fiow.
White light illumination was used to allow the flow field to be visualized. A
simplified schematic of the water injection system is shown in figure 11.

Instrumentation

A propeller anemometer was used to measure air flow velocity in the test
section as shown in figure 12. The propellier anemometer is capable of measur-
ing headwind velocities from 1 to 98 kn. The propeller measuring accuracy was
+0.6 kn.

The tunnel reference temperature, against which all temperature rises
were computed, was measured immediately upstream of the test section (in the
vicinity of door 3 (fig. 3)). Two iron/constantan (I/C) thermocouples, one on
each wall of the tunnel, were used to measure the freestream temperature and
were averaged to compute the reference temperature.

Seven 20 ft strips of 10 thermocouples were mounted within the test sec-~
tion (fig. 13). One strip had I/C's and the others were chrome/alumel (C/A)
thermocouples. These strips measured the heating in the test section. Two
strips were placed on each sidewall and three strips in the ceiling. The ceil-
ing also contained a 8.5 ft strip of static pressure instrumentations for
obtaining static measurements. Details of the thermocouples and pressure
strips are shown in fiqure 14.



The ground plane and trap door thermocouples measured air temperature.
Pressure taps were located on both the ground plane and trap door. The ground
plane coordinate system in reference to the model is shown in figure 15.

The NASA Lewis ESCORT III data system was used for data acquisition. This
system has a scan update rate every second which includes all data reduction
computations and facility and model measurements. The electronically scanned
pressure system (ESP) consists of fourteen modules, each of which contained 32
individual transducers. Three ranges of transducers were used: (1) £5 psid
with an accuracy of x0.007 psi, (2) £15 psid with an accuracy of +0.02 psi,

(3) +250 psid with an accuracy of £0.17 psi.

TEST PROCEDURE

A1l test runs were conducted at steady state conditions with the model
configuration and attitude fixed. The model configuration and attitude (pitch,
yaw, roll, and height) were set manually. As stated earlier, most of the test
was conducted from 8 to 23 kn. This is the headwind velocity range for verti-
cal landing. In general, the following depicts a typical test run:

(1) A pretest tare reading was taken to verify instrumentation operation.

(2) The trap door-ejector system was activated (trap door open and ejec-
tors running).

(3) The inlet suction flow was set to the maximum compressor face Mach
number .

(4) The nozzle air supply system was activated and each nozzie was set to
a nozzle pressure ratio of approximately 4.0 to heat the model.

(5) The natural gas heater was brought up to maximum temperature at the
nozzles plenum (960° R).

(6) After reaching the desired nozzle temperature, the inlet suction
flow, nozzle pressure ratios and temperature were set to a test condition.
The desired headwind velocity was set and a reference data point was taken
with the trap door open.

(7) The trap door was then closed and the inlet temperature rise versus
time was monitored on a scrolling video plot to establish steady state condi-
tion. At steady state condition data are taken. It can take 15 to 45 sec to
reach steady state conditions at the compressor face rake.

(8) After the completion of the data recording, the trap door is opened
and the next condition is set.

(9) At the conclusion of a test run a post tare reading is taken.



PRESENTATION OF EXPERIMENTAL RESULTS

The primary objectives of this paper are to convey the modifications to
the 9- by 15-Foot Low Speed Wind Tunnel and some of the results obtained for
the STOVL hot gas ingestion test. In order to show these results, it is neces-
sary to start the discussion with the tunnel modifications, followed by the
model HGI results. A discussion on the ground plane temperature and pressure
distributions will follow. The final figures will show a few frames from the
water flow visualization.

Several parameters are important in hot gas ingestion. For example, the
inlet temperature distortion can cause engine stall; and the inlet pressure
recovery is indicative of the engine thrust. However, this report will use
the inlet temperature rise, which is the increase in the compressor face tem-
perature over a reference temperature. The effect of the inlet temperature
rise is a reduction in the engine thrust. 1Inlet temperature can be influenced
by several factors such as headwind, height above the ground, splay angle
between the forward nozzles, nozzle temperature levels, and nozzle pressure
ratio.

This report will address the effect of splay angle, 1ift improvement
devices (LIDs), and main landing gear height above the ground plane.

RESULTS AND DISCUSSION

As was discussed previously in figure 2, hot gas ingestion (HGI) is caused
by two sources. The first is the near field ingestion which is a result of the
fountain upwash. With multinozzles, the nozzle jets impinge on the ground
spreading in all directions. The inward flowing ground flow (from a nozzle)
encounters other inward flowing ground flow from another nozzle. These flows
meet forming a fan shape upwash or "fountain." Once it encounters another jet,
both flow upward forming a fountain. At some given model height above the
ground, the fountain flow will impinge on the undersurface of the model. At
this point, the near field hot gas ingestion occurred. This hot gas can flow
forward and get ingested into the inlet.

The air flowing along the axis has not mixed and generally results in a
high inlet temperature rise. The fountain upwash strength is determined, in
part, by the forward nozzles thrust splay angie, the nozzles exit plane spac-
ing, and the height of the model above the ground plane. A variation of any
one of these can change the strength of the fountain. The exit plane spacing
establishes the relative flow area available for the central fountain to flow
forward along the underside of the model. This will determine the amount of
hot gas that is ingested into the inlet flow field and get pulled into the
inlet.

The other source of hot gas ingestion is the far field. The high velocity
ground jet from the nozzles flow ahead of the model until, due to buoyancy and
the headwind, the flows separate from the ground. The flow is then blown back
to the model inlet flow field where the hot gas is ingested into the inlet.
This form of HGI generally causes a lower inlet temperature rise in comparison
to the near field HGI. The exception is when the far field separation occurs
at the inlet.



The clean configuration was tested to provide a baseline configuration to
compare the effect of LIDs. The clean configuration will generally have a
higher inlet temperature rise because it has no way of diverting the near field
ingestion. A parameter of critical value for vertical landing concept is the
height the main landing gear is above the ground plane. Data presented in this
paper are for the design condition of a nozzle pressure ratio of 3.02 and com-
pressor face Mach number of 0.40. The nozzle pressure ratio was varied from
1.1 to 4.00.

The inlet temperature rise at the compressor face versus the distance of
the main landing gear wheel above the ground plane is shown in figure 16.

The results are shown for the clean configuration; -6° splay on the for-
ward nozzles and 0° splay on the aft nozzles. The data shown for nozzle pres-
sure ratio of 3.02, compressor face Mach number of 0.40, a nozzle exhaust
temperature of 960 °R, and a headwind velocity of 10 kn. Inlet temperature
rise increases with decreasing height above the ground plane. The most signif-
icant point is the ground effect range being relatively small. In general, an
increase in headwind velocity will result in a higher level of hot gas inges-
tion. This is caused by the far field separation occurring closer to the
inlet. :

The effect of splay angle is shown in figure 17. These results show the
inlet temperature rise over a range of headwind velocities. Two cliean configu-
rations are shown, one with 0° splay and another with -6° splay (forward noz-
zles). Again, the data are shown for the design condition and a nozzle exhaust
temperature of 960° R. The 0° splay configuration inlet temperature rise was
higher than the -6° splay configuration. The difference ranging from 22° at
10 kn to 12° at 23 kn. The 0° splay configuration maximum compressor face tem-
perature rise occurred at the 8 kn headwind condition. It was observed from
the flow visualization that the far field separation point occurred near the
nose gear. As the headwind velocity increased the separation zones (far and
near field) moved under the model, hence producing a reduction in the compres-
sor face temperature rise.

When the LIDs are installed on the -6° splay configuration (fig. 18), the
inlet temperature rise is significantly reduced. This reduction was caused by
the LIDs effectiveness at containing the fountain upwash and deflecting the hot
gas away from the inlet flow field. The LIDs reduced the inlet temperature
rise by approximately 52° over the headwind velocity range from 10 to 23 kn.

MODEL TEMPERATURE PROFILES

The air around the model fuselage was measured with thermocouples which
protrude 0.10 in. beyond the model surface. Data are shown for the -6° splay
configuration with and without LIDs. Air temperature was measured at 43 dif-
ferent locations around the model.

Temperature measurements made 0.10 in. beyond the undersurface of the
model are shown in figure 19. These measurements are made along the model
centerline. The data are presented for a 10 kn headwind, a nozzle pressure
ratio of 3.02, compressor face Mach number of 0.40, and main gear height of
0.10 in. Both configurations had maximum temperature near the main landing



gear of 900 °R. The temperature level was the same for both configurations
until upstream of the LIDs forward fence (model station 24). The local temper-
ature was reduced by 200 °R at the forward fence. In the region of the inlet
(model stations 10 to 15), the LIDs reduced the temperature by approximately
100 to 150 °R. Therefore, the LIDs were effective in containing and deflecting
the hot air flow which impinged on the underside of the model, thereby reducing
the degree of HGI.

Temperature measurements made around the perimeter of the main inlet sec-
tion are shown in figure 20. The results are shown with and without LIDs con-
figurations at the design condition. The LIDs configuration is 100 to 150 °R
lower than the clean configuration.

GROUND PLANE AIR TEMPERATURE AND PRESSURE MEASUREMENTS

As noted in the instrumentation section, the ground plane thermocouples
measured air temperature. The ground plane temperature distribution along the
centerline is presented in figure 21 for the design condition, a nozzle exhaust
temperature of 960 °R, a main landing gear height of 0.10 in., and a headwind
velocity of 10 kn. Figure 21 shows a comparison of the configurations with
and without LIDs. The purpose of the LIDs is to redirect the fountain flow
back onto the ground plane region. As a result, the ground flow is slightly
intensified between 10 and 50 in. upstream of the mid nozzles location. The
ground plane air temperature upstream of the LIDs increases as shown in
figure 21. This data tends to indicate that the LIDs can also modify the far
field ingestion.

A typical pressure change distribution along the centerline of the ground
plane is presented in figure 22 for a 10 kn headwind, and design condition.
The nozzle exhaust flow impinges on the ground plane between -10 and +10 in.,
resulting in a local stagnation pressure near the nozzle total pressure at
impingement. The negative pressure change region located under the model is a
result of the ground flow acceleration away from the impingement zone and over-
expanding. These negative pressures affect the model undersurface, resulting
in negative suckdown forces which are seen in the jet induced 1ift (ref. 1).
However, the fountain impinging on the undersurface of the model would result
in an upwash force. In general, the four poster configuration tested has a net
upwash force (using empirically predicted jet-induced 1ift characteristics)
when in ground effects at a nozzle pressure ratio of 3.02.

A typical far field separation is shown using water flow visualization in
figure 23. The tufts on the ground plane pointing toward the model are
upstream of the ground jet separation zone, under the influence of the headwind
velocity. The tufts pointing away from the model are downstream of the ground
jet flow separation zone, under the influence of the nozzles flow. The influ-
ence of the ground jet is confined laterally by the freestream (headwind)
velocity, due to the lateral velocity decay. This can be observed at the top
of figure 23. The tufts in the upper region are pointing downstream (in the
direction of the model). The water mist flow visualization have been effec-
tive in highlighting the far field ingestion zones/regions of ground plane
separation.



Characteristics typical of the near field hot gas ingestion are shown in
figure 24. This is a three-quarter view of the clean configuration with a -6°
splay. When the ground air flow from two jets meet, a fountain is formed. If
there are more than two jets, a fountain is formed between each pair and a cen-
tral fountain is formed when the flow from all four nozzles meet.

Between the forward and aft nozzles is a stagnation line. The central
fountain can also be seen in the aft region under the model. The water mist
flow visualization is very effective in showing the near field hot gas inges-
tion characteristics. The experimental and flow visualization results indicate
that the modifications made to the 9- by 15-Foot LSWT effectively validated
this facility as an acceptable wind tunnel, for STOVL hot gas ingestion
testing.

SUMMARY OF RESULTS

An experimental investigation was conducted in the NASA Lewis 9- by
15-Foot Low Speed Wind Tunnel to determine the effects of Hot Gas Ingestion on
a vectored thrust STOVL concept, to build a hot gas ingestion database, and to
establish the wind tunnel as an acceptable hot gas testing facility.

The test was conducted with a 9.2 percent scale model. Data were obtained
for nozzle pressure ratio ranging from 1.1 to 4.0, inlet Mach number ranging
from 0.1 to 0.40, and main landing gear height above the ground plane ranging
from -0.20 (wheels removed) to 15.47 in. The model attitude range was as fol-
lows: pitch angle +6.5°; yaw angle 0°, 45°, and 90°; and roll angle 0°. Head-
wind (freestream) velocity was varied form 8 to 23 kn. Several modifications
were made to the 9- by 15-Foot LSWT in an effort to validate this hot gas test-
ing faciltity. The following results were obtained:

(1) The modifications made to the 9- by 15-Foot Low Speed Wind Tunnel have
proven to be effective in testing vectored thrust concepts.

(2) The 9- by 15-Foot LSWT has been validated as an acceptable wind tunnel
for STOVL hot gas ingestion testing.

(3) LIDs significantly reduced the inlet temperature rise at the compres-
sor face.

(4) Inlet temperature rise increases with decreasing height above the
ground plane.

(5) Splay angle can reduce the inlet temperature rise at the compressor
face.

(6) The water mist flow visualization results have been very effective in
showing both the near and far field ingestion zones, regions/locations of
ground plane separation, and jet fountains.



CONCLUDING REMARKS

As a result of the successful program, a large data base has been estab-
1ished for supersonic and subsonic jets exhausting into a subsonic flow field.

A follow-on activity is, therefore recommended and should incorporate fur-
ther improvements in the 9- by 15-Foot LSWT for HGI-type testing. For example:

(1) A model Integrated Support System (MISS) will be installed. This sup-
port system will have 4° of freedom (pitch, roll, yaw, and vertical variation)
remotely actuated from the control room. The MISS will have the following fea-
tures: pitch angle £20°, angle-of-yaw +180°, and angle-of-roll +10°. The
height variation will range from wheels-on-ground to approximately 4.5 ft
above the present ground plane. The MISS will simulate both inlet and nozzle
airflows.

(2) Installation of a thermovision system with both video and digital
output.

(3) Installation of a laser sheet system coupled with a standard and
U-matic video systems.

(4) A new 1660 °R heated air supply system will be used.
(5) On-line acoustic analysis system will be used.
(6> A new analog system will approximately double the present analog meas-
urement capabilities of the 9- by 15-Foot Low Speed Wind Tunnel.
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[Dimensions are in inches; x

TABLE

I. - GROUND PLANE INSTRUMENTATION LOCATIONS

the ground plane centerline.

measured from trap door leading edge; y

is located 22 in.

above

z1 panel y1 panel
Static pressure Surface air temperature Static pressure Surface air temperature
x y y™ x y y~ x y y™ x y y=
37.33 | 22.00 | 18.00 31.36 | 22.00 | 18.00 113.32 | 22.00 | 18.00 109.68 | ~——-- 18.00
28.37 25.33 107.32 97.74 | ——ee-
22.40 19.38 101.32 85.71 | ————- l
16.40 13.38 95.29 73.74 | —eem-
10.38 7.34 83.31
4.36 3.30 71.31
59.28
47.37
TABLE [I. - COMPRESSOR FACE RAKE INSTRUMENTATION LOCATIONS
Leg identification Leg identification
Number Angle, Radius, Number Angle, Radius,
deg R, deg R,
in. in.
i 66.499 2 21.533
4 293.50 3 338.467
5 246.499 6 201.533
8 113.501 7 158.467
0.624 0.624
.698 .646
1.081 1.081
1.209 1.119
1.396 1.396
1.56 1.444
1.651 1.651
1.81 1.709
1.872 1.938
Surface? Surfaced

dSurface denotes static pressure location.
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FIGURE 2. - THE SOURCES OF HOT GAS INGESTION.
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FIGURE 4. - MODEL 279-3C AND COMPRESSOR FACE RAKE DETAILS.
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TARLE 1. -~ COMFRESSOR FACE RAKE INSTRUMENTATION LOCATIONS.

Leg Identification Leg Identification
Number Angle, Radius, Number Angle, Radius,
deg. Ry in. deq. R, in.
1 66.499 2 21.533
4 29%.501 K 338.467
5 246.499 1) 201.53%
8 113.501 7 158.467
Total Temperature Q. 624 Total Temperature 0.646
Fressure 0.698 Fressure 0.722
Temperature 1.081 Temperature 1.119
Fressure . 209 Fressure 1.251
Temperature 1.396 Tempetrature 1.444
Fressure 1.36 Fressure 1.615
Temperature 1.651 Temperature 1.709
Fressure 1.81 Fressure 1.875
Temperature 1.872 Temperature 1.928
Static Fressure 2.038 Static Fressure 2.038

inlet Centerbody —

Nose Gear — —

® Thermocouple
O Total Pressure

A Static Pressure Tap

Rake Assembly

/
L Main and Auxiliary
inlets Compressor Face Rake

e

‘—inlet Bifurcation

View Looking Downstream

(b) FORWARD FUSELAGE - COMPRESSOR FACE RAKE SCHEMATIC.
FIGURE 4. - CONCLUDED.

— Compressor Face
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FIGURE 5. - THE UNDERSURFACE OF THE HGI MODEL SHOWING LIDS AND NOZZLES.
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(a) NOZZLE SPLAY ANGLE.
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Nozzle
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(b) NOZZLE VECTOR ANGLE.

FIGURE 6. - DEFINITION OF FORWARD NOZZLES SPLAY
AND VECTOR ANGLES.
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FIGURE 7. - THE HOT GAS INGESTION MODEL AND SUPPORTING SYSTEM INSTALLED IN THE 9- BY 15-
FOOT LOW-SPEED WIND TUNNEL.




Table ll. - Ground plane instrumentation locations.

Z1 panel
Static pressure
__amy:_ntnunv . =
1 37.33 22 1 37.31 18
2 20.37 21.98 2 28.34 18
3 22.4 21.94 3 22.36 17.97
4 16. 4 21.97 4 16,36 18.04
S 10.38 21.96 s 10.37 18.02
& 4.36 22 [ 4,34 18.04
Temperature Temperature
X Y X Y
1 31.38 21.97 1 31. .
2 25.34 21.98 2 zé,gg 17 ?;
3 19.37 21.98 3 19.38 17.99
4 13.41% 22 4 13.38 18
S 7.37 21.97 - 7.34 18
& 3.32 -3 3.3
336 >
176
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FIGURE 8. - GROUND PLANE SCHEMATIC AND INSTRUMENTATION.

(DIMENSIONS IN INCHES.)
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B TRAP DOOR PLENUM
EJECTOR SYSTEM

FIGURE 9. - AFT VIEW OF THE 9- BY 15-FO0T LOW-SPEED WIND TUNNEL TEST SECTION.
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FIGURE 10. - CROSS SECTION OF TEST SECTION SHOWING THE SIDEWALLS SCAVENGING SYSTEM.



//—-Pressure Control Valve
PS F,S

Water Fill

System Supply System
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—Shut Off Valve

X
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Nozzle (4)— Lines (4)

To Test Nozzle

FIGURE 11. - A SCHEMATIC OF THE MODEL FLOW VISUALIZATION WATER INJECTION SYSTEM.
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FIGURE 12. - TEST SECTION AIRFLOW VELOCITY MEASURING SYSTEM.

To NASA Lewis Nitrogen
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FIGURE 13. - TEST SECTION WALLS AND CEILING INSTRUMENTATIONS.



Front of Test Section Rear of Test Section
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FIGURE 14. - DETAILS OF THE TEST SECTION THERMOCOUPLE AND STATIC PRESSURE INSTRUMENTATION STRIPS.
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FIGURE 15. - GROUND PLANE COORDINATE SYSTEM AND MODEL LOCATION.



AVERAGE TEMPERATURE INCREASE AT COMPRESSOR

AVERAGE. TEMPERATURE INCREASE AT

COMPRESSOR FACE, AT, OR

FACE, AT, R

MAIN GEAR HEIGHT = 0.10 IN,
NOZZLE PRESSURE RATIO = 3.02
COMPRESSOR FACE MACH NUMBER = 0.40
FORWARD NOZZLE SPLAY = -6°

PITCH ANGLE = 6.5°

NOZILE EXHAUST TEMPERATURE = 960 OR
HEADWIND VELOCITY = 10 KNOTS
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80 CLEAN CONFIGURATION
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o | | | 1
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FIGURE 16. - THE MODEL HEIGHT ABOVE THE GROUND PLANE
EFFECTS ON HOT GAS INGESTION.
MAIN GEAR HEIGHT = 0.20 IN.
NOZZLE PRESSURE RATIO = 3.02
COMPRESSOR FACE MACH NUMBER = 0.40
FORWARD NOZILE SPLAY = -6°
PITCH ANGLE = 6.5°
NOZZLE EXHAUST TEMPERATURE = 960 °R
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FIGURE 18. - THE EFFECT OF LIFT IMPROVEMENT DEVICES ON
HOT GAS INGESTION.
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FIGURE 17. - THE EFFECT OF FORWARD NOZZLE SPLAY ANGLE ON
HOT GAS INGESTION,
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FIGURE 19. - THE EFFECT OF LIDs ON THE MODEL UNDER-
SURFACE CENTERLINE AIR TEMPERATURE DISTRIBUTION.
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FIGURE 20. - THE EFFECT OF LIDs ON THE TEMPERATURE FIGURE 21. - THE GROUND PLANE CENTERLINE AIR TEM-

DISTRIBUTION IN THE INLET PERIMETER REGION.
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FIGURE 22. - THE GROUND PLANE CENTERLINE PRESSURE
CHANGE DISTRIBUTIONS FOR THE CLEAN AND WITH
LIDs CONFIGURATIONS.



FAR FIELD
£ SEPARATION

FIGURE 23. - A FLOW VISUALIZATION VIEW SHOWING FAR FIELD SEPARATION AHEAD OF THE MODEL.

FIGURE 24, - A THREE-QUARTER VIEW OF THE CLEAN CONFIGURATION SHOWING THE NEAR FIELD
CENTRAL FOUNTAIN/LOCAL FLOW FIELD CHARACTERISTICS.
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